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(54) Optical information record/reproducing apparatus. 

@ In an optical information recording reproduc- 
ing apparatus, a semiconductor laser (1) has 
plural light emitting parts (1a, 1b) within a chip, 
so that plural light spots are formed on an 
information recording medium (5) to effect re- 
cording/reproduction information and focusing 
error signal detection, utilizing plural light 
beams emitted from the plural light emitting 
parts. Light spots other than a light spot for the 
focusing error signal detection are rendered in 
turning off state until a focusing pull-in oper- 
ation is completed. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical infor- 
mation record/reproducing apparatus for optical infor- 
mation recording and reproduction by optical beam ir- 
radiation, and more particularly to an optical informa- 
tion record/reproducing apparatus for effecting re- 
cording and reproduction in parallel manner, utilizing 
plural light beams. 

Related Background Art 

In the conventional optical information record/re- 
producing apparatus for magnetic or magnetooptical 
information recording and reproduction, a verifying 
operation is conducted, after the information record- 
ing, in order to confirm whether the information has 
been properly recorded. The verifying operation is 
usually conducted, after the information recording on 
an information track during a turn of the information 
recording medium, by reproducing thus recorded in- 
formation in a next turn of the recording medium. 
However, this method, requiring two steps for infor- 
mation recording, has suffered from the slow record- 
ing speed, and an improvement in this respect has 
been longed for. 

Therefore, for reducing the time required for such 
verification and thus achieving a high-speed record- 
ing, there has been proposed the direct verification 
method of effecting the verifying operation on real- 
time basis at the information recording. Such direct 
verification is generally conducted by irradiating the 
information track of the information recording me- 
dium with two light spots positioned front and back, 
recording the information with the preceding light 
spot and immediately reproducing the recorded infor- 
mation with the following light spot and comparing the 
reproduced information with the information to be re- 
corded. 

Another drawback associated with the conven- 
tional optical information record/reproducing appara- 
tus lies in the slow data transfer rate, and, for resolv- 
ing such drawback, there has been proposed a meth- 
od of irradiating plural tracks of the recording medium 
simultaneously with plural light spots, thereby effect- 
ing information recording or reproduction in parallel 
manner on plural tracks. Such optical information re- 
cord/reproducing technology utilizing plural light 
spots Is considered to become more and more impor- 
tance hereafter. 

For forming plural light spots on the recording 
medium, there have been proposed various methods, 
including a method of dividing the light from a single 
light source into plural light beams by means of an opt- 
ical element such as a diffraction grating, but, among 
such methods, considered particularly superior is a 



method of utilizing plural light sources, in view of the 
advantage of independent intensity control of the light 
spots formed on the information recording medium. 
In case of employing plural light sources, the opt- 

5 ical paths are generally so designed that the plural 
light beams constitute a small angle therebetween 
and are focused, through a single objective lens, onto 
the information recording medium. Due to- the image 
angles of the light beams at the entry into the objec- 

10 tive lens, the focused points of the light beams on the 
recording medium are spatially separated, thereby 
forming plural light spots in parallel manner. In the 
tracking control or focusing control, the plural light 
spots, being focused through a single objective lens, 

is can be moved in the tracking or focusing direction 
with constant mutual positional relationship by the 
movement of said objective lens in a corresponding 
direction. In such configuration, the plural light spots 
irradiate a track or mutually separated tracks, thereby 

20 effecting information recording or reproduction in si- 
multaneous manner on the track or tracks. In such 
case the servo error signal for automatic focusing or 
tracking control can be obtained from the reflected 
light from any one of the light spots orfrom the reflect- 
as ed lights from plural light spots. 

Plural light sources can also be realized by a 
method of employing plural semiconductor laser di- 
odes and combining light beams for example half mir- 
rors, or a method of utilizing a semiconductor laser di- 

30 ode array. 

On the other hand, in the reproducing optical sys- 
tem for reproducing the information by detecting the 
light reflected by the recording medium, the reflected 
lights of the plural light spots have to be individually 

35 detected. In such detection, since the light beams re- 
spectively have small image angles, they have to be 
focused by condenser lenses for achieving spatial 
separation on the detector. Consequently pftotode- 
tectors are so positioned, in divided manner, as to re- 

40 ceive respective light beams in spatially separate fo- 
cus positions, and the information is reproduced from 
thus obtained detection signals. 

The plural light sources may be realized, for ex- 
ample as explained above, by employing plural sem- 

45 iconductor laser diodes and combining the light 
beams thereof with suitable optical elements such as 
half mirrors or dichroic mir rors, but such configuration 
is not preferable as it is significantly inferior in produc- 
tivity to the optical head of a single light spot, due to 

so an increased number of components, an increased 
number of positions requiring optical adjustments, 
and difficulty of optical adjustments. 

Also such configuration is extremely susceptible 
to the positional aberrations, even by very small 

55 amounts, of theoptical components from their adjust- 
ed states, because the positional precision between 
the photodetector surface and the light spot to be de- 
tected thereon has to be within a range of several mi- 
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crons. The use of plural semiconductor laser diodes 
is disadvantageous, because the number of associat- 
ed components (for example collimating lens) in- 
creases with the number of such laser diodes, so that 
the number of independently movable factors leading 
to such positional aberrations also increases. 

On the other hand, the detection optical system 
for detecting the servo error signal generally detects 
the displacement or deformation of the light spot in 
the focusing control with a divided photodetector as 
a variation In the Intensity, and the variation in the in- 
tensity distribu Bon of t he lig ht spot in t he tracki ng con- 
trol with a divided photodetector. In either case, how- 
ever, the light spot has to be enlarged to a certain 
size, because the width of the dividing lines on the 
light-receiving face of the photodetector has a certain 
lower limit (light spot diameter has to be somewhat 
larger than the width of the dividing lines), and in or- 
der to facilitate the positional adjustment of the pho- 
todetector. For this purpose there is for example em- 
ployed a method of extending the focal length of the 
detected light condensing lens and positioning the 
photodetector out of the focal position of the conde ns- 
ing lens. However, as the plural light beams are only 
separated by angles as small as several minutes to 
several tens of seconds, the spatial separation on the 
photodetector becomes difficult because of interfer- 
ence with the adjacent light spots, if the detection is 
conducted at a position where the light beam diame- 
ter is relatively large. 

For avoiding this difficulty it is conceivable to ex- 
pand the angles of the plural light beams, but such ex- 
pansion is difficult because of (1) an increased dis- 
tance of the light spots on the recording medium, (2) 
increased aberrations due to an increased image an- 
gle at the entry into the objective lens, and (3) signif- 
icantly different incident angles, among the light 
beams, into the dielectric film with polarizing proper- 
ty. 

In case the recording medium is a rotating disk, 
the curvature of the information track is different be- 
tween an outer part and an inner part of the disk. 
Thus, in case of the direct verifying operation by irra- 
diating a same information track with plural light spots 
and conforming the information, recorded by a pre- 
ceding light spot, by a succeeding lightspot, if the dis- 
tance of the light spots is expanded as in the forego- 
ing case (1), even when one of the light spots is prop- 
erly positioned on the information track, the other 
tends to be displaced from the center of the informa- 
tion track. For t his reaso n, it is d if f icult, particularly on 
an optical disk, to expand the distance of the light 
spots thereon. 

In general it is necessary to find a compromise 
between the above-mentioned requirements, and 
there is selected a configuration with a reasonably 
sized photodetector not requiring difficult positional 
adjustment and not showing significant loss in the 



non-sensitive portions. For this reason, the light 
spots on such photodetector are mutually consider- 
ably close and are spatially separated only in the mar- 
ginally acceptable level. In such situation, the spatial 

5 separation of the light spots is realized only when the 
focusing servo loop is closed, but, if the recording me- 
dium is somewhat significantly defocused with re- 
spect to the objective lens, the light spot on the pho- 
todetector will also be enlarged by such defocusing, 

10 and may overlap with the adjacent light spots on the 
photodetector. In such case each divided portion of 
the photodetector will receive the leaking light of the 
adjacent light spots, whereby the proper light amount 
balance on the divided portions of the photodetector 

is is destructed and a proper focus error signal can be 
no longer obtained. Also the S-shaped curve of the 
auto focusing control is deformed, thereby leading to 
inconveniences such as a narrower linear range and 
a sudden change of S-shaped sensitivity, eventually 

20 giving rise to the following drawbacks. 

At first, t he pull-in of t he focusing servo operation 
becomes difficult or impossible, depending on the 
magnitude of face vibration of the recording medium. 
Also in case of an external perturbation inducing de- 

25 focus situation, such as shock or vibration, during the 
simultaneous use of plural light spots, there will result 
a deformation of the S-shaped curve due to the inter- 
ference of the adjacent light spots on the photodetec- 
tor, thus easily inducing for example an oscillation of 

30 the focusing actuator and eventually hindering the fo- 
cusing servo operation, even in a situation where 
such hindrance is not likely to occur. Such mutual in- 
terference of the light spots can be prevented by an 
expansion of the distances of the light spots, but such 

as expansion is limited by another condition as ex- 
plained before. For these reasons, there have re- 
mained certain problems to be solved, relating to the 
focusing control of the light spots. 

40 SUMMARY OF THE INVENTION 

In consideration of the foregoing, an object of the 
present invention is to provide an optical information 
record/reproducing apparatus in which light sources 

45 for producing light spots are turned off, exceptfor that 
for detecting a focusing error signal, until the comple- 
tion of the focusing pull-in operation, thereby prevent- 
ing Interference of other light spots and enabling sta- 
ble focusing pull-in operation. 

so Another object of the present invention is to pro- 
vide an optical information record/reproducing appa- 
ratus which, in case of an external disturbance such 
as shock or vibration, turns off light sources except for 
a light source for light spot for detecting the focusing 

55 error signal, thereby achieving prompt restoration 
from the defocus state and enabling stabilized oper- 
ation of the apparatus. 

The above-mentioned objects can be attained, 
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according to the present invention, by an optical infor- 
mation record/reproducing apparatus which has at 
least two light-emitting points, focuses the light 
beams emitted from said light-emitting points as small 
spots on an optical information recording medium, 5 
and utilizes at least one of the light spots for detecting 
a focusing servo error signal, comprising the use, as 
the light source, of a semiconductor laser array hav- 
ing at least two light-emitting parts in a chip, wherein 
the light sources for the light spots are turned off, ex- 10 
cept for the one for a light spot for detecting t he focus- 
ing error signal, until the completion of the focus pull- 
in operation at the focusing operation. 

Also the objects can be attained, according to the 
present invention, by an optical information record/re- 15 
producing apparatus which has at least two light- 
emitting points, focuses the light beams emitted from 
the light-emitting points as small spots on an optical 
information recording medium, and utilizes at least 
one of the light spots for detecting a focusing servo 20 
error signal, comprising the use, as the light source, 
of a semiconductor laser array having at least two 
light-emitting parts in a chip, wherein, in case an ex- 
ternal disturbance such as shock or vibration is ap- 
plied, the light sources for the light spots are turned 25 
off except for the one for a light spot for detecting the 
focusing servo error signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an embodiment of 
the optical information record/reproducing appa- 
ratus of the present invention; 
Fig. 2 is a view showing photodetectors of the em- 
bodiment shown in Fig. 1, light spots projected 35 
thereon, and an example of the verifying signal 
detection circuit and the servo signal/reproduc- 
tion signal detection circuit, 
Fig. 3 is a flow chart showing the procedure of fo- 
cus pull-in operation in the embodiment shown in to 
Fig. 1; 

Fig. 4 is a view showing light spots on the photo- 
detectors in a defocus state in the course of the 
focus pull-in operation in the embodiment shown 
in Fig. 1; 45 
Fig. 5 is a view of an optical information record/re- 
producing apparatus employing the beam size 
method for the detection of the focusing error sig- 
nal and the push-pull method for the detection of 
the tracking error signal; so 
Fig. 6 is a view showing photodetectors in the em- 
bodiment shown in Fig. 5, light spots projected 
thereon, and an example of the verifying signal 
detection circuit and the servo signal/reproduc- 
tion signal detection circuit; 55 
Fig. 7 is a view showing light spots on the photo- 
detectors, in the embodiment shown in Fig. 5, in 
a defocus state in the course of the focus pull-in 



operation; and 

Fig. 8 is a flow chart showing another embodi- 
ment of the present invention, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following there will be given a detailed ex- 
planation, with reference to the attached drawings, on 
a first embodiment of the present invention. Fig. 1 is 
a schematic view of an embodiment of the optical in- 
formation record/ reproducing apparatus of the pres- 
ent invention. A semiconductor laser diode array 1 
constitutes a light source for recording and reproduc- 
tion, and has two light-emitting parts 1a, 1b. The light 
beam from the semiconductor laser 1a Is used for in- 
formation recording, while that from the semiconduc- 
tor laser lb is used for verification by reproducing the 
recorded information. There are also provided a col- 
limating lens 2 to be commonly used for converting 
the diverging light beams from the light-emitting parts 
1a, 1b into parallel light beams; a polarizing beam 
splitter 3 for separating the reflected light beams from 
the recording medium, from the incident light beams; 
an objective lens 4 for focusing the light beams into 
small light spots; and a magnetooptical disk 5 consti- 
tuting the information recording medium. The light 
beams from the light-emitting parts 1a, 1b of the sem- 
iconductor laser are converted into parallel light 
beams by the collimating lens 2, then transmitted by 
the polarizing beam splitter 3, and focused by the ob- 
jective lens 4 to form two light spots on the magne- 
tooptical disk 5. On an information track of the mag- 
netooptical disk 5, the light spot of the semiconductor 
laser 1a Is formed in a preceding position, and that of 
the semiconductor laser lb is formed with a certain 
distance therebehind. 

There are further provided a 1/2-wavelength 
plate 6; a tone condenser lens 7; a polarizing beam 
splitterS; and photodetectors 9, 10. These optical ele- 
ments constitute a detection optical system for detect- 
ing a reproduction signal and a servo signal, based on 
the light reflected from the magnetooptical disk 5, and 
the detection optical system is used in common for 
the reproduction signal and for the servo signal. The 
light beam reflected from the magnetooptical disk 5 is 
guided again through the objective lens 4, then re- 
flected by the polarizing beam splitter 3, transmitted 
by the 1/2-wavelength plate6, condensed bythetoric 
condenser lens 7, and introduced to the polarizing 
beam splitter 8, which separates the incident light 
beam into two beams according to the polarizing di- 
rections. Thus separated light beams are respectively 
detected by the photodetectors 9, 1 0. A verifying sig- 
nal detection circuit 11 reproduces a verifying signal, 
based on the detection signals from the detectors 9, 
10, while a servo signal/reproduction signal detection 
circuit 12 detects a focusing error signal and a track- 
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ing error signal for the focusing control and the track- 
ing control, based on the detection signals of the de- 
tectors 9, 10, and also reproduces information in the 
normal reproducing operation. The obtained servo 
error signals are supplied to a focusing actuator and s 
a tracking actuator for driving the objective lens 4 re- 
spectively in the focusing direction and in the tracking 
direction, whereby the focusing control and the track- 
ing control of the two light spots formed by the sem- 
iconductor lasers 1 a, lb are achieved by the position 10 
control of the objective lens 4 based on the servo er- 
ror signals. At the recording operation, a magnetic 
field, modulated according to the information signal to 
be recorded, is applied by a magnetic head 50 to the 
light irradiating portion of the magnetooptical disk 5. is 

Fig. 2 shows the details of the photodetectors 
shown in Fig. 1, the verifying signal detection circuit 
1 1 and the servo signal/reproduction signal detection 
circuit 12. Fig. 2 only shows the photodetector 9, but 
the other photodetector 10 has an identical structure. 20 
The photodetector 9 is composed of a divided photo- 
detector 13 of which detecting surface is divided into 
four areas by crossing lines, and an ordinary photo- 
detector 14. On the divided photodetector 13 and the 
photodetector 14, there are respectively projected a 25 
light spot 15 coming from the semiconductor laser 1a 
and reflected by the magnetooptical disk 5, and a light 
spot 16 coming from the semiconductor laser lb and 
reflected by the disk 5. In Fig. 2 there are shown light 
spots when the objective lens 4 is rendered in-focus 30 
state with respect to the magnetooptical disk 5. 

The detection signal of the photodetector 14 is 
supplied to a differential amplifier 17 and is subjected 
to differential detection with the detection signal from 
the other photodetector 10, thereby reproducing a 36 
signal for verification. In the divided photodetector 13, 
the detection signals from the diagonally positioned 
detecting areas are respectively added in adders 18, 
19, and the obtained summation signals are subject- 
ed to differential detection in a differential amplifier 20 40 
to obtain a focusing error signal (AF signal}. The fo- 
cusing error signal is supplied to the unrepresented 
focusing actuator for focusing control of the objective 
lens 4 in so-called astigmatism method. Also in the 
divided photodetector 13, the detection signals from 45 
the detecting areas which are adjacent in a direction 
perpendicular to the track are respectively added in 
adders 21, 22, and the obtained summation signals 
are subjected to differential detection in a differential 
amplifier 23 to obtain a tracking error signal (AT sig- so 
nal). The tracking error signal is supplied to the unre- 
presented tracking actuator for tracking control of the 
objective lens 4 in so-called push-pull method. Also 
the summation signals from the adders 21 , 22 are fur- 
ther added in an add er 24 to obtain a total summation 55 
signal of the divided photodetector 13. The summa- 
tion signal from the adder 24 is subjected to differen- 
tial detection, in a differential amplif ier25, with the to- 



tal summation signal of the other divided photodetec- 
tor 10, thereby providing a reproduction signal in the 
ordinary information reproduction. Furthermore, the 
summation signal-from the adder 24 is added with 
the total summation signal of the other divided pho- 
tosensor 10 in an adder 25-2, thereby generating a 
summation signal to be utilized in the focusing pull-in 
operation. 

In the following there will be explained the func- 
tion of the present embodiment, with reference to a 
flow chart shown in Fig. 3. The focusing pull-in se- 
quence of the present invention shown in Fig. 3 is ap- 
plicable to the AF signal detection of astigmatism 
method shown in Figs. 1 , 2 and 4, or that of differen- 
tial beam size method shown in Figs. 5 to 7. 

Referring to Fig. 3, when the magnetooptical disk 
5 is loaded by an unrepresented disk loading mecha- 
nism to a predetermined position with respect to the 
objective lens 4 (S1), an unrepresented control unit 
sends a control signal to an unrepresented spindle 
motor, thereby rotating the magnetooptical disk 5 with 
a constant angular velocity (S2). Then the control unit 
controls an unrepresented semiconductor laser driv- 
er, thereby turning on the semiconductor laser 1a 
(S3). The light spot formed by the semiconductor las- 
er 1a is used for detecting the focusing error signal, 
as explained before. 

In this state, the objective lens 4 remains still in 
a positionfarther from the in-focus position to the disk 
5, for example by gravity or by an elastic force of sup- 
port means in a driving unit for the objective lens 4. 
Then, the unrepresented control unit sends a signal 
to a driving unit for driving the objective lens 4 in the 
substantially axial direction, thereby gradually mov- 
ing the objective lens 4 in a direction approaching the 
disk 5 (S4), Since the servo signal detecting light 
beam 15 is significantly defocused on the photode- 
tector 13, in the transient state of this pull-in opera- 
tion, the light beam 15 in the astigmatism method 
overflows to t he adjacent photodetector 1 4 for detect- 
ing the verifying signal, as shown in Fig. 4. Also in the 
differential beam size method, in the transient state 
of the pull-in operation as shown in Fig. 7, the light 
beam 33 overflows to the adjacent photodetector 32 
for detecting the verifying signal. According to the 
present embodiment, however, the light beam 16 is 
not present on the photodetector 14 shown in Fig. 4, 
because the semiconductor laser lb for forming the 
verifying light spot is not turned on in this state. Also 
in case of the differential beam size method, the light 
beam 33 shown in Fig. 7 is not present according to 
the present invention. While the objective lens 4 is 
driven as explained before, the level of the summa- 
tion signal is inspected by the signal from the adder 
25-2, and the focused point of the light spot is identi- 
fied to be within a predetermined range in the vicinity 
of the recording surface of the disk 5 when said signal 
exceeds a certain predetermined level (S5). Then the 
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peak of the AF error signal is detected (S6), then the 
relative velocity between the objective lens 4 and the 
disk 5 is determined (S7) , and a predetermined off- 
set of the AF error signal is added, according to thus 
determined relative velocity, to the focusing actuator s 
for a predetermined period (SB), and an AF servo loop 
switch is turned on to activate the ordinary focusing 
servo operation, when the distance between the ob- 
jective lens and the information recording surface of 
the disk 5 reaches a predetermined range, based on 10 
the AF signal (S9), 

After the pull-in operation is completed in this 
manner, the control unit instructs the semiconductor 
laser drive to turn on the semiconductor laser lb for 
verification (S 10). 15 

Thereafter the puli-in operation for the tracking is 
conducted, whereby the two light spots are formed by 
the semiconductor lasers 1a, lb are rendered capable 
of information recording and reproduction on an infor- 
mation track. Then, in response to a record/ reproduc- 20 
ing command from the control unit, there is conducted 
a record/reproducing operation utilizing the two light 
spots (S11). 

In the above-explained pull-in procedure, the 
step S6 may also be replaced by operations of driving 25 
the objective lens 4 toward the disk 5 from a farther 
position, as explained above, while inspecting the AF 
signal, and turning on the AF servo loop switch at a 
zero-cross point of the AF signal after reaching a 
maximum point 30 

The semiconductor laser lb may be turned on af- 
terthe pull-in operations forfocusing and tracking are 
completed. In case a recording command is given, the 
control unit sets the semiconductor lasers 1a, 1b re- 
spectively at a recording power and a reproducing ss 
power, and controls an unrepresented seeking mech- 
anism to move the two light spots to an instructed in- 
formation track, whereby the desired information 
track is irradiated by a recording light spot, formed by 
the semiconductor laser 1a, in a preceding position, 40 
and by a verifying light spot, formed by the semicon- 
ductor laser lb, in an immediately succeeding position 
separated by a predetermined distance. On the other 
hand, the magnetic head 50 applies a magnetic field, 
modulated according to the information signal to be 45 
recorded, to the irradiating position of the light spot on 
the magnetooptical disk 5, whereby the information is 
serially recorded on the information track, by the 
scanning motion of the light spot The two light spots 
are naturally subjected to focusing control and track- so 
ing control, utilizing the focusing error signal and the 
tracking error signal obtained from the detection sig- 
nal of the four-divided photodetector 13, as already 
explained with reference to Fig. 2, whereby the two 
light spots are maintained in the focused state while ss 
scanning the information track. Simultaneous with 
the information recording, the information recorded 
by t he preceding light spot is reproduced, on real-time 



basis, by the differential amplifier 17. The obtained 
verifying reproduction signal is supplied to an unre- 
presented signal processing circuit for binarization, 
decoding etc. to obtain reproduced data. The ob- 
tained reproduced data are compared with the re- 
cording data in an unrepresneted verification judging 
circuit, and a direct verification simultaneous with the 
recording is thus achieved. 

On the other hand, in case of reproducing the in- 
formation, the semiconductor lasers 1a, lb are set at 
a reproducing power, and the light spots are posi- 
tioned on and scan an instructed information track. 
The semiconductor laser lb may be turned off, since 
the light spot to be formed by the laser lb thereby is 
not used in the reproduction of information. Also in 
such reproducing operation, there are executed ser- 
vo controls based on the focusing error signal and the 
tracking error signal, obtained from the detection sig- 
nals of the four-divided photodetector 1 3, in the same 
manner as in the recording operation. The reproduc- 
ing light spot scans the desired information track as 
explained above, and the reproduction signal is re- 
leased in succession from the differential amplifier 25 
by the scanning motion. The obtained signal is re- 
stored into the original reproduction data by the signal 
processing circuit, and is transferred to an upper con- 
troll ing apparatus. 

As explained in the foregoing, the present em- 
bodiment turns off the semiconductor lasers for form- 
ing the light spots, except for the one for forming a 
light spot for detecting the focusing error signal, until 
the pull-in operation is completed for focusing, there- 
by avoiding the drawback of the overflow of the de- 
focused light spot into the adjacent photodetector 
portions, leading to the Interference on the signals 
generated by the photodetector portions. Conse- 
quently the focusing pull-in operation can be execut- 
ed in stable manner. 

Fig. 5 is a schematic view of an optical informa- 
tion record/reproducing apparatus employing the 
beam size method for the detection of the focusing 
error signal, and the push-pull method for the detec- 
tion of the tracking error signal. In Fig. 5, same com- 
ponents as those in Fig. 1 are represented by same 
numbers. In Fig. 5, there are provided a condenser 
lens 26; a photodetector 27, composed of two photo- 
detectors as will be explained later; a verifying, signal 
detection circuit 29 for detecting the verifying signal, 
based on the detection signals of the photodetectors 
27, 28; and a servo signal/ reproduction signal detec- 
tion circuit 30 for detecting the focusing error signal, 
the tracking error signal and the reproduction signal 
in the ordinary reproducing operation. Also in this em- 
bodiment, in the information recording operation, the 
light beam of the semiconductor laser 1a of the laser 
diode array 1 irradiates a preceding position on an in- 
formation track of the magnetooptical disk 5, and the 
light beam of the semiconductor laser 1 b irradiates an 
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immediately succeeding position, for verification. 

Fig. 6 shows the details of the photodetector27, 
the verifying signal detection circuit 29, and the servo 
signal/reproduction signal detection circuit 30. Fig. 6 
only shows the photodetector 27, but the other pho- 
todetector 28 is identical with the detector 27. The 
photodetector 27 is composed of two photodetectors 
31, 32. The photodetector 31 is divided into two areas 
by a central line, and is further divided into two along 
the direction of information tracks. The other photo- 
detector 32 Is an ordinary one without division. Light 
spots 33, 34 respectively projected on the photode- 
tectors 31, 32 are respectively formed by the semi- 
conductor lasers 1a, 1b. Fig. 5 illustrates the light 
spots when the objective lens 4 is rendered in-focus 
state with respect to the magnetooptical disk 5. 

The detection signal of the photodetector 32 is 
subjected to differential detection in a differential am- 
plifier 35, with the detection signal of the other pho- 
todetector 28, thereby providing a verifying signal at 
the information recording operation. Signals detected 
in the inner and outer detecting areas of the photode- 
tector 31 are subjected to differential detection by a 
differential amplifier 38 to obtain a focusing error sig- 
nal of so-called beam size method. Also signals de- 
tected in the detecting areas of the detector 31 divid- 
ed in thedirection of the information track are subject- 
ed to differential detection in a differential amplifier 

41, to obtain a tracking error signal of the push-pull 
method. Furthermore signals from the detection 
areas of the photodetector 31 are added in an adder 

42, and the obtained summation signal is subjected to 
differential detection, in a differential amplifier, with 
t he signal from the photodetector 28, to provide repro- 
duction signal in the ordinary reproducing operation. 
Furthermore the summation signal from the adder 42 
is added, in an adder 43-2, with the total summation 
signal from the other photodetector 28, thereby pro- 
viding a summation signal to be employed in the focus 
pull-in operation. 

Also in this embodiment, in the focusing pull-in 
operation, the semiconductor lasers 1a, lb are con- 
trolled according to the flow chart shown in Fig. 3. 
More specifically, the focusing pull-in operation is 
conducted by turning on the semiconductor laser 1a 
at first, while the light sources other than that for 
forming the light spot for detecting the focusing error 
signal are turned off until the completion of said op- 
eration. In the course of the focusing pull-in opera- 
tion, t he lig ht spot on t he photod elector 27 is enlarged 
as shown in Fig. 7, thus overflowing into the adjacent 
photodetector, but the focusing pull-in operation can 
be executed instable manner without mutual interfer- 
ence of the light spots, because unnecessary light 
sources are turned off. 

In the following there will be explained another 
embodiment of the present invention, with reference 
to Fig. 8. In the foregoing embodiments, the light 



sources are turned off, except for the one for forming 
the light spot for detecting the focusing error signal, 
until the completion of the focusing pull-in operation. 
In this embodiment, if shock or vibration is applied to 

5 the apparatus in the course of operation thereof, the 
light sources for the light spots are turned off, except 
for the one for forming a light spot for detecting the 
focusing error signal. This embodiment is applicable 
to the optical information record/reproducing appara- 

10 tus shown in Fig. 1 or 5. Referring to Fig. 8, during the 
operation of the apparatus, an unrepresented control 
unit constantly detects the level of the focusing error 
signal and judges whet her the detected level exceeds 
a predetermined reference level. When an external 

15 disturbance such as impact or vibration is applied 
(S1), there occurs a variation in said level. Thus said 
level is compared with the level of a reference signal, 
and, based on the result of the comparison, there is 
discriminated whether an out-of-focus state has been 

20 generated (S2). If the level of the focusing errorsignal 
does not exceed the reference level, the focus state 
is identified as normal, and the recording or reproduc- 
ing operation with two light spots is continued without 
change (S3). 

25 On the other hand, if the level of the focusing er- 

ror signal exceeds the reference level, an out-of-fo- 
cus state is Identified, and the semiconductor laser lb, 
shown in Figs. 1 and 5 and not used for the detection 
of the focusing error signal, is turned off (S4). Sub- 

30 sequently the recovery from such out-of-focus state 
is initiated by at first discriminating again the pres- 
ence of the out-of-focus state, based on the level of 
t he focusing errorsignal (S5). If the out-of-focus state 
is not present, the semiconductor laser lb which has 

35 been turned off is turned on again (S6), and the re- 
cording or reproducing operation with two light spots 
is re-started (S3). If the out-of-focus state is present, 
the focusing pull-in operation is re-started (S7) in the 
same manner as shown in Fig. 3. More specifically, 

40 the semiconductor laser lb, not used forthe detection 
of the focusing error signal, is turned off, and, after 
the completion of the focusing pull-in operation (S8), 
the semiconductor laser lb is turned on (S9). There- 
after the pull-in operation for the tracking servo con- 

45 trol is conducted, and the recording and reproducing 
operations with two light spots are conducted (S10). 
The semiconductor laser lb may be turned on after 
the tracking servo pull-In operation. 

In the above-explained sequence, the out-of- fo- 

50 cus state is detected by the level of the focus error 
signal, but such detection may also be achieved by 
the level of the summation signal. In this case, con- 
stant inspection is made as to whetherthe level of the 
summation signal exceeds a reference level. When 

55 the level of the summation signal becomes lower than 
the reference level, an out-of-focus state is identified. 
The subsequent procedure can be same as explained 
before. 
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In the present embodiment, as explained in the 
foregoing, even if a defocus state is induced by an ex- 
terna! disturbance such as impact or vibration applied 
in the course of the operation of the apparatus, the 
light sources are turned off except for the one for 
forming the light spot for detecting the focusing error 
signal, thereby preventing a situation that the focus- 
ing actuator is erroneously activated by the interfer- 
ences of the adjacent light spots, leading to an unde- 
sirable out-of-focus state. Consequently, in case of 
such externa! disturbance, the apparatus can be 
promptly restored from such defocus state, and can 
therefore be operated in stable state. 

In the foregoing embodiments, adetection optical 
system is commonly used for detecting the servo sig- 
nal and the reproduction signal, butthere may be em- 
ployed separate detection optical systems for these 
purposes. 

Also in the foregoing embodiments, the preced- 
ing light spot is used for servo signal detection and in- 
formation recording in the information recording op- 
eration, and for servo signal detection and informa- 
tion reproduction in the information reproducing oper- 
ation, while the succeeding light spot is used for ver- 
ification in the information recording operation but is 
turned off in the information reproducing operation, 
but it is also possible to use the preceding light spot 
for servo signal detection and information reproduc- 
tion in the information recording operation, and for 
servo signal detection in the information reproducing 
operation, and to use the succeeding light spot forthe 
verification in the information recording operation and 
for the reproduction of information in the information 
reproducing operation. 

Furthermore, even in the above-mentioned latter 
case in which the verification and the reproduction of 
information are always effected by the succeeding 
light spot, the reproduction of the preformat header 
signal of the information recording medium alone may 
always be effected by the preceding light spot. 

Also the foregoing embodiments have been lim- 
ited to an apparatus effecting direct verification by ir- 
radiating an information track with two light spots, but 
the present invention is naturally applicable also to an 
apparatus for effecting reproduction or recording in 
parallel manner by irradiating plural information 
tracks with the light spots. 

As explained In the foregoing, the use of a sem- 
iconductor laser diode array as plural light sources al- 
lows to reduce the number of optical components and 
the number of points requiring adjustments and to em- 
ploy a common optical system from the light sources 
to the photodetectors through the information record- 
ing medium, thereby realizing an apparatus resistant 
to the positional aberrations of the optical compo- 
nents. Also such light sources allow to reduce the dis- 
tance of the light spots on the information recording 
medium so that, even on a disk-shaped recording me- 



dium in which the information tracks are formed by 
arcs of variable curvature, there can be reduced the 
amount of deviation, from the center of the track, of 
the light spot not subjected to the tracking servo op- 

s eration among the plural light spots. 

These advantages of the semiconductor laser di- 
ode array can now be fully exploited, since the afore- 
mentioned drawbacks, resulting from the excessively 
close positioning of the detected light spots on the 

10 photodetector and having precluded the use of such 
laser diode array, are resolved by the present Inven- 
tion. 

The present invention, featured by turning off the 
light sources except for the one for forming the light 

is spot for detecting the focusing error signal until the 
completion of the focusing pull-in operation, provides 
the advantages of avoiding the overflow of the light 
of the adjacentlightspot into the photodetectorfor de- 
tecting the focusing errorsignal, there by enabling the 

20 focusing pull-in operation in stable manner. 

Also the present invention is featured by turning 
off the light sources except for the one for detecting 
the focusing error signal, in case of an external dis- 
turbance such as impact or vibration, thereby ena- 

25 bling prompt recovery from the defocused state and 
stabilizing the operation of the apparatus. 



Claims 

30 

1. An optical information record/reproducing appa- 
ratus comprising: 

a semiconductor laser having plural light- 
emitting parts within a chip; and 

35 spotforming meansforforming plural light 

spots for recording and reproducing Information 
and for detecting afocusing errorsignal, on an in- 
formation recording medium, by the light beams 
from the plural light-emitting parts of said semi- 

40 conductor laser; 

wherein the light spots other than the light 
spot for detecting the focusing error signal are 
turned off until the focusing pull-in operation is 
completed. 

45 

2. An optical information record/reproducing appa- 
ratus comprising: 

a semiconductor laser having plural light- 
emitting parts within a chip; and 

so spotforming meansforforming plural light 

spots for recording and reproducing information 
and for detecting a focusing error signal, on an in- 
formation recording medium, by the light beams 
from the plural light-emitting parts of said semi- 

55 conductor laser; 

wherein the light spots other than the light 
spot for detecting the focusing error signal are 
turned off in case an external disturbance such 
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as impact or vibration is applied. 



3. A focusing pull-in method in an optical informa- 
tion record/reproducing apparatus, comprising 
steps of: 

employing a semiconductor laser having 
first and second light-emitting parts within a chip 
and forming plural light spots forrecording and re- 
producing information and for detecting a focus- 
ing error signal, on an information recording me- 
dium; and 

turning off the light spots, other than the 
light spot for detecting the focusing error signal, 
until the focusing pull-in operation is completed. 

4. A focusing pull-in method in an optical informa- 
tion record/reproducing apparatus, comprising 
steps of: 

employing a semiconductor laser having 
first and second light-emitting parts within a chip 
and forming a light spot for the focusing pull-in 
operation, on an information recording medium, 
by the light beam from said first light-emitting 
part; and 

forming, after th e com pletion of the focus- 
ing pull-in operation, a light spot on the informa- 
tion recording medium by the light beam from 
said second light-emitting part 

5. A focusing pull-in method in an optical informa- 
tion record/reproducing apparatus, comprising 
steps of: 

employing a semiconductor laser having 
first and second light-emitting parts within a chip 
and forming pi ural light spots for record ing and re- 
producing information and for detecting a focus- 
ing error signal, on an information recording me- 
dium; and 

turning off the light spots other than the 
light spot for detecting the focusing error signal, 
in case an external disturbance such as impact or 
vibration is applied. 

6. An optical recording/reproducing apparatus in- 
cluding a light source effective to produce a plur- 
ality of light spots on a recording medium, and 
means for turning off the light spots other than 
the light spot for detecting the focusing error sig- 
nal when it is required to detect the focusing error 



7. An optical recording/reproducing method includ- 
ing the steps of directing a plurality of light spots 
on to a recording medium, and turning off all the 
light spots other than the light spot for detecting 
the focusing errorsignal when it is required to de- 
tect the focusing error signal. 
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